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SAR11 bacterioplankton dominate aquatic ecosystems but knowledge about 32 freshwater members suffers from a lack of cultured representatives. Here, we report the 33 first freshwater SAR11 isolate (LD12), obtained from surface waters in Lake Borgne, 34 LA. Consistent with pervasive ecological data, strain LSUCC0530 growth was highly 35 restricted by salinity. Comparisons with sister subclade IIIa taxa, however, suggests that 36 niche differentiation between these groups in coastal environments results from more 37 than just salinity. 38
While many environmental conditions (e.g. nutrients, temperature, pH) play an 39 important role in structuring microbial assemblages, salinity remains one of the most 40 important factors affecting microbial community membership 1 . This reflects the fact that 41 evolutionary transitions between marine and freshwater environments occur rarely 42 among members of a given phylogenetic group 2 . SAR11 is the most abundant 43 prokaryotic marine clade, with an estimated global population size of ~10 28 Pelagibacteriales, subclade IIIb, along with the LD12 clone (Fig. 1A) . Cells of strain 69 LSUCC0530 were curved rods, < 1µm x 0.1 µm (Fig.S1A-B) , that grew to a density of 2 70
x 10e7 cells mL -1 at 24˚C in JW5 medium ( Table S1 ) that had a salinity of 1.45 ppt. 71
Comparatively, cells of strain LSUCC0261, from the sister subclade IIIa ("IIIa"), were 72 also small curved rods ( 
Ecological data from various sites around southern and Louisiana indicated that 78
OTUs representing both taxa occurred in high abundances across varied environments. 79
At Louisiana estuarine and coastal sites that could be classified as nearly 80 freshwater/brackish (< 6 ppt), LD12 and IIIa shared high average rank abundances (RA) 81 of 8.9 and 25.7, respectively ( Fig. 1 , Table S1 ). At coastal and estuarine sites with > 6 82 ppt, LD12 was much less abundant or not present (average RA 348.8 when present), 83 while IIIa had slightly higher abundances (average RA 42.1) compared to those in fresh 84 water ( Fig. 1 , Table S1 ). LSUCC0530-type organisms dominated the MSR microbiome, 85 occupying the top 6 OTU ranks in all but two of the samples where it occurred within the 86 top 15 ranks. On the contrary, we found no OTU representing LSUCC0261 in the MSR 87 using the criteria of appearing with more than 2 reads in over 20% of the samples. 88
To examine the physiological basis for our ecological observations, we tested the 89 hypothesis that strains LSUCC0530 and LSUCC0261 would have unique salinity 90 tolerances and optima for growth. Our experiments showed that the LD12 strain, 91 LSUCC0530, could not grow at added NaCl of 1% or above, while subclade IIIa strain, 92 LSUCC0261, grew at a range of salinities from 0-4% NaCl (Fig. 2) . LSUCC0530 grew 93 optimally at 0% added NaCl at an average rate of ~ 0.04 divisions hr -1 and a maximum 94 cell density of 2 x 10e7 cells mL -1 (Fig. 2 and S3 ). We note that salinity ranges between 95 0-1% added NaCl were not tested so LSUCC0530's true optimum may have been 96 missed. LSUCC0261 grew optimally at 3% added NaCl with an average rate of ~0.043 97 divisions hr -1 and a maximum cell density of 5 x 10e6 cells mL -1 (Fig. 2 and S4 ). 98
Comparatively, at 0% salinity LSUCC0261 had a growth rate of ~ 0.014 divisions hr -1 99 (Fig. 2) (Fig. 1) . The ability of LSUCC0261 to grow in 0% added NaCl suggests that 105 salinity alone does not prevent colonization of freshwater environments by subclade IIIa 106 taxa. Concordantly, while rank abundance had a nearly linear correlation with salinity for 107 LD12 organisms (R 2 = 0.73), consistent with its lack of growth in 1% or greater NaCl, we 108 observed no pattern between subclade IIIa OTU abundances and salinity (Fig. S2) . 109
Furthermore, attempts to grow LSUCC0261 in JW5 medium failed (data not shown), 110 even though it could grow in JW2 modified to a similar salinity (Table S1 ). This narrows 111 the list of additional limiting factors. The two media contained identical carbon, nitrogen, 112 iron, vitamin, and trace metal constituents (Table S1 ). Though phosphate was lower in 113 JW5, it remained greater than environmental concentrations measured throughout the 114 coastal GOM 15 . Therefore, the nutrient that prevented LSUCC0261 growth in JW5, and 115 potentially plays a role its distribution in aquatic systems, likely was one or some 116 combination of boron, bromine, strontium, calcium, magnesium, fluorine, or sulfur (as 117 sulfate), many of which could serve as metabolic co-factors (Table S1) . Future work will 118 examine this hypothesis. 119
The first cultured representative of freshwater SAR11, strain LSUCC0530, has 120 facilitated direct testing of the importance of salinity in differentiating the LD12 subclade 121 from its sister group subclade IIIb. Ecological data indicates partial overlap in habitat 122 and suggests that the mechanisms underlying niche differentiation between these 123 clades may constitute complex traits not solely related to salinity tolerance. Future 124 research should more deeply examine the role cellular energetics (as proposed by 11, 14 ) 125 plays in their relative success across these dynamic coastal environments. (Table S1 ). Isolation of strain 142 LSUCC0261 (subclade IIIa) was previously reported in Henson et al. (2016b) . Salinity 143 tolerances were assessed with quintuplet cultures of LSUCC0530 and LSUCC0261 in 144 JW5 and JW2 media, respectively, with altered NaCl concentrations of 0, 1, 2, 3, 4, and 145 5%. Cultures were enumerated using the Guava EasyCyte (Millipore) flow cytometer 146 roughly every 24 hours 17 .Growth rates were calculated in the R software package 147 Growthcurver 18 . Calculations excluded individual replicates that grew at much lower 148 rates (Figs. S3, S4 ), but in all cases averaged at least quadruplicate data. 149
Ecological data from 16S rRNA gene amplicons was amassed from the 150
Louisiana coast
15 , the Mississippi River 9 , with additional data from Lake Martin, Sabine 151
Wetlands, and Bay of Batiste analyzed using the protocol from Henson et al. 9 . To 152 determine which OTUs represented LSUCC isolates, sequences from the OTU 153 representative fasta files, provided by mothur using get.oturep(), were used to create a 154 blast database (formatdb) against which the LSUCC isolate 16S rRNA genes could be 155 searched via blastn (BLAST v 2.2.26). All best hits ranked at 100% identity. All salinity 156 data was recorded on site using a YSI 556 MPS (YSI, Solon, OH, USA) 15 with the 157 exception of Mississippi river salinity data, which was inferred from USGS gauge 158 information or previously collected data (Table S1) . 159 
